The pure theory of consumer behavior is concerned with individual demand functions. An individual's preferences are assumed to be representable by a well behaved utility function, U(x1, .. . , x"), where xi denotes the rate of consumption of the ith good. He is supposed to maximize U subject to the budget constraint n (1)
where pi is the price of the ith good and ,u denotes total expenditure. The utility maximizing quantities of the various goods are functions of all prices and total expenditure; we write xi = h'(P, 4) where P denotes the price vector, (PI,... Pn) and the functions (hl,. . ., hn) are the ordinary demand functions. These demand functions satisfy the budget constraint and are homogeneous of degree zero in all prices and total expenditure; in addition, the implied Slutsky substitution matrix is symmetric and negative semidefinite. Furthermore, since any set of demand functions that satisfies these conditions is derivable from a well behaved utility function, we call such a set a "complete system of theoretically plausible demand functions." ' The data we use in this study are annual observations on prices and per capita consumption, so we are concerned with "market" or "aggregate" demand functions. Unfortunately, a complete system of market demand functions need not be theoretically plausible even if every individual's demand functions are. Nevertheless, as a matter of research strategy, we shall assume that market demand functions are theoretically plausible, since this assumption reduces substantially the number of parameters to be estimated.2 Our procedure is to begin with an "aggregate utility function," derive the corresponding aggregate demand functions, and estimate them.
We have chosen to work with four broad categories of goods: food, clothing, shelter, and miscellaneous. Our reasons are twofold: first, the utility function underlying our demand functions is additive, implying a type of "independence" among "goods." On a priori grounds, additivity is a more reasonable working hypothesis when applied to broad aggregates than to more narrowly defined commodity groups. Second, because we are estimating an interrelated system of equations simultaneously, the computer requirements are substantial and economizing on computer time is a nontrivial consideration.3 In the absence of this constraint, we would have experimented with disaggregating the miscellaneous category somewhat further-perhaps treating medical care as a separate category -but (in any event) the scope for further disaggregation is not great. In its simplest form, demand theory is concerned with the allocation of total expenditure among goods in a single period. In order to discuss either "saving" or purchases of durable goods in terms of utility maximization, it is necessary to formulate an explicitly intertemporal model, recognizing the role of future consumption, assets, future prices, and future income. Instead of proceeding in this direction, we shall work with a single period model and analyze the allocation of total expenditure on nondurables among broad categories of nondurables. Avoiding the problems of saving and purchases of consumer durables in this way requires strong assumptions about tastes, for the stock of durables may influence the pattern of consumption of nondurables (e.g., the demand for electricity is related to the stock of electrical appliances) and intertemporal complementarity may make future consumption plans relevant to today's consumption decisions. Technically, our approach is justified if and only if the marginal rates of substitution involving current consumption of nondurables are all independent of current consumption of the services of durables and of all future consumption.4 lB. FUNCTIONAL FORM In this section we discuss the static, nonstochastic form of the demand functions we intend to estimate.
We begin with a utility function of the form n n (2) U(X) = E ak log (Xk -bk), ai > 0, Zak = 1, xi -bi > O. k=1 1 2 It might seem sensible to estimate aggregate demand functions without imposing the requirement of theoretical plausibility and test whether the estimated set of demand functions is theoretically plausible. The difficulty with this approach is that there is no way to distinguish between misspecification of the functional form of the aggregate demand functions and failure of the aggregate demand functions to satisfy the Slutsky symmetry conditions. We remind the reader that the Slutsky symmetry conditions are restrictions on the partial derivatives of the demand functions, and not on finite first differences. The bahavior of estimates of these partial derivatives may be very sensitive to the a priori specification of the functional form.
We discuss this problem briefly in the appendix. 4 Since the demand for "transportation services" and "gasoline and oil" are closely related to the stock of automobiles, we have excluded them from our analysis.
Maximizing (2) subject to the budget constraint (1) yields demand functions of the form (3) hi(P,f,) = bi --Z Pkbk +-/ (i = 1,... ,n).
Pi k= 1

Pi
Any system of demand functions implies a corresponding system of expenditure functions, (e1(P,yj) ,...,e n(P, i)) defined by e'(P, j) = pihh(P, j). The expenditure functions corresponding to (3) can be written as If the b's are all positive and income is greater than Zpkbk, we may describe the individual as purchasing necessary quantities of the various goods (b1,... , bn) and then dividing his remaining or "supernumerary" income (, -Zpkbk) among the goods in fixed proportions (a1,.. ., an) 6 Although it is theoretically possible for some or all of the b's to be negative, it is unlikely in the present context. If bi is negative, the demand for the ith good is elastic with respect to its own price; this seems improbable for any of the broad categories of goods with which we are dealing. Positive b's imply inelastic demand.
IC. DYNAMIC SPECIFICATION
To use observations from different time periods to estimate demand functions one must either assume that the demand functions are the same in all periods or make fairly specific assumptions about how they change. From a technical standpoint, it is relatively simple to incorporate changing b's into the linear expenditure system, because the b's enter the demand functions linearly.7 And if one takes the necessary basket interpretation seriously, it seems plausible that the b's should vary over time.
We write the demand functions (3) with varying b's as The regularity conditions are identical to those of (2) and they must be satisfied in every period. It is easy to verify that, ceteris paribus, a higher level of bit implies a higher level of xit (and a lower level of xjt, j = i). The simplest way to permit the b's to vary is to assume that bit is a linear function of time:
(7) bit = b* + fit.
Although we do estimate the linear expenditure system with this dynamic specification, the use of a time trend is not very satisfactory because it gives so little insight into the structure of the economic system. Furthermore, it implies that taste change would continue unabated (i.e., the necessary quantities would continue to increase) even if prices and income remained constant over a long period of time.
A more satisfactory dynamic specification-one which attempts to deal directly with the mechanism underlying changes in tastes-is based on the concept of "habit formation. where zit-1 is a variable representing consumption of the ith good prior to period t. In addition to (8), we consider two specifications in which zit-1 depends on the level of past consumption and two in which it depends on the rate of growth of consumption. The two based on the level of consumption take zit-1 to be: (a) the highest level of consumption of the ith good during the three years prior to period t, and, (b) the average level of consumption of the ith good during the three years prior to period t. The two models based on the rate of growth of consumption, git, To satisfy (13), the covariance matrix of disturbance terms for each period must be singular. We shall discuss three general ways of specifying the distributions of the v's (w's) which satisfy these requirements. If we assume that the w's in the first n -1 expenditure equations are mutually independent, then the disturbance term in the last equation is the negative of the sum of the first n -1 w's. Expenditure on the nth good is a residual in the sense that it adjusts passively to the independent disturbances in the other equations so as to satisfy the budget constraint. We have two objections to this stochastic specification. First, we are not happy with the assumption that the disturbances in n -1 of the expenditure equations are mutually independent. We believe that the disturbance terms in the various expenditure equations are interrelated, and that a random shock which causes an increase in the consumption of one good is likely to affect consumption of many other goods. Second, this specification of the error 9 Specification (c) implies that if past consumption has been constant, then bi, will remain constant; (d) implies that if past consumption has been constant, then bit will grow in the manner described by the linear time trend (7). We were led to experiment with (d) because of plausible results obtained using ( structure forces us to decide which good is to play the role of residual, but it offers no criterion for making the decision.
If we assume that the covariance matrix of the w's is the same in each period, then its form need not be specified. " The elements of the covariance matrix can be estimated together with the other parameters.12 This procedure has two obvious drawbacks. It is expensive in terms of degrees of freedom, and the assumption that the covariance matrix is constant is not an appealing one. More specifically, it seems to us that as per capita consumption and expenditure increase over time, the variance of the expenditure equations should also increase. Furthermore, the specification of a constant variance-covariance matrix implies that if all prices and income were to increase proportionally, then the variance of each expenditure equation would remain unchanged, while the variances of the demand equation disturbances would decrease. On theoretical grounds, we prefer a specification of the error structure in which the covariance matrix of the demand equation disturbances (the v's) is unaffected by proportional changes in all prices and income. One way of specifying such an error structure is to assume that the covariance matrix of the w's in each period is equal to a constant matrix (the same in each period) multiplied by the square of income.
We now present a third method of specifying the structure of the disturbances which we feel is superior to the two methods described above. The u's can be interpreted as random variations in the necessary basket, but it is neither necessary nor especially useful to interpret this error structure in terms of a " The covariance matrix of the v's must depend on prices for (13) to hold; hence, the covariance matrix of the v's cannot be the same in each period. Formally, the covariance matrix 2, is given by Qt = E(v,v9). Since p'v, = 0, we have p'Q, = 0. That is, P1 is an eigenvector of (, corresponding to eigenvalue 0. If Q is constant and if there are n linearly independent price vectors in the set {P1 I ... PT}, then the covariance matrix is of rank zero. This strongly suggests that the covariance matrix is not constant. stochastic utility function. A specification of the error structure should be judged on its implications for the stochastic demand functions. 13 We first observe that ui, is directly related to vi,; a higher value of ui, implies, ceteris paribus, a higher value of vi, (and hence xi,) and a lower value of vj, (and hence xi,) for all j 0 i. Second, the adding-up condition (13) is automatically satisfied by the v's implied by this error structure, regardless of the distribution of the u's. Third, proportional changes in all prices and income (providing these changes do not affect the distribution of the u's) will not affect the distribution of the v's. Fourth, the Slutsky substitution matrix implied by these stochastic demand functions is symmetric and negative semidefinite regardless of the values assumed by the u's. Fifth, this method of specifying the error structure treats all goods in a symmetric manner.
The simplest assumptions about the distribution of the u's are:
That is, the expected value of each ui, is zero, its variance is constant over time, and the u's are independent across goods and time periods. Finally, we assume that the u's have a multivariate normal distribution. The implications for the distribution of the v's of our assumptions about the distributions of the u's are easily derived. Since the v's are linear combinations of the u's, they also have a multivariate normal distribution.'4 The covariance matrix of the v's depends on prices, so it is not constant over time. The variance of the disturbance term in the ith demand equation is independent of income and it is not directly related to consumption of the ith good, although it is inversely related to the price of the ith good. Finally, v's from different periods are mutually independent. The a priori plausibility of these last two properties deserves critical scrutiny.
It seems unlikely that the variance of the disturbance for the ith good would be independent of income. If prices remain constant and income increases, causing an increase in consumption of each good, then the variance of the disturbance terms in each demand equation will probably also increase. One way to incorporate this a priori belief into our specification of the error structure is to replace assumption (17) 13 In its most general form, our approach to the specification of the error structure is the following. Consider a nonstochastic utility function, U(X, a, b), where a and b are vectors of unknown parameters to be estimated; let H(P, ,u, a, b) denote the demand functions corresponding to U (in vector form). We postulate that a subset of the parameters are random variables (i.e., b = b* + u, where u is a vector of random variables with zero mean) and estimate the stochastic demand functions H(P, ,u, a, b + u).
The Theil-Barten approach, which they describe as the "marginal utility shock model" appears to us to be equivalent to the following procedure. Again starting with a nonstochastic utility function, U (X, a, b), define a new stochastic utility function, V(X, a, b, u), by V(X, a, b, u) = U(X, a, b 
by (20) E(uit) Ixt
where Xi, is the expected value of xi, (i.e., the nonstochastic portion of (11)). We use A rather than x2 in order to preserve the additivity of the error structure. A higher level of income will cause a higher level of A2 and hence increase the variance of uit which, in turn, increases the variance of vit 15 The assumption that the u's are uncorrelated over time implies that the v's are uncorrelated over time. We believe that, in the context of the habit models which depend on lagged consumption, (8a) and (8b), and also in the habit models (b), (c) and (d), this is a plausible assumption. One would expect autocorrelation of the v's if a higher level of consumption of the ith good yesterday is associated with a higher level of consumption of the ith good today. But in the habit models which depend on lagged consumption, this relationship has already been taken into account. In all of these models, a higher level of vit -1 implies a higher level of xit-1, which in turn implies a higher level of bit and xit. Thus, there is no reason to assume that the v's are autocorrelated in the habit models which depend on consumption in the previous period. In the constant b model, the linear time trend, and the habit model which depends on previous peak consumption, we would expect the v's to exhibit autocorrelation. A higher level of vit -1 does not imply a higher value of bit in the first two cases, and need not in the third. Unfortunately it would be extremely complicated to estimate the linear expenditure system with an error structure incorporating autocorrelation, and we have not attempted to move in this direction. Consequently, parameter standard errors in these models should be viewed with extreme caution.
ESTIMATION PROCEDURES
The most straightforward procedure for obtaining estimates of the linear expenditure system and the one used by most investigators is to minimize the sum of squared residuals over all expenditure equations and time periods.'6 It is appealing because of its simplicity, because it is a straightforward generalization of single equation ordinary least squares, and because it requires no a priori specification of the error structure. Its major drawback is that, because it does not rest on a specification of the error structure, the properties of the estimator are not known. It should be noted, however, that it is not a maximum likelihood procedure since a maximum likelihood interpretation requires a disturbance covariance matrix proportional to the identity, whereas in fact the covariance matrix of the system (although unknown) is singular.
An alternative least squares estimation procedure is to minimize the sum of squared expenditure residuals after omitting one equation this method is that the estimates depend on which equation is omitted. That is, n sets of parameter estimates are obtained by estimating the system with a different equation omitted each time. This procedure yields maximum likelihood estimates if (i) the disturbances associated with all but the omitted expenditure equation are mutually independent and (ii) the variances associated with the disturbances in the retained equations are equal and constant over time. If these two conditions are satisfied, the covariance matrix of the retained equations is proportional to the identity matrix. As noted in Section 1 the difficulty with this specification of the error structure is that it is asymmetric, and there is no basis for deciding which good should play the role of residual.'7 The stochastic specification which appears to us most appropriate and the one for which we obtain maximum likelihood estimates of the parameters assumes that the disturbances are associated with the b's. The demand equations for any period (11) may be written in matrix form as x = (I-yp')(b + u,) + Ty = (I -yp')b + Ty + (I -YP')Ut, where x is an n x 1 vector of quantities, ut is an n x 1 vector of disturbances, p is an n x 1 vector of prices, ,u is a scalar, equal to total expenditure, b is an n x 1 vector to be estimated, and y is an n x 1 vector with elements ai/pi, where the ai are parameters to be estimated.'8 As discussed above, the vector u, is assumed to be multivariate normal with mean 0 and covariance matrix Dt given by Dt = E(utu') = diag (4k1", We assume that prices and total expenditure are nonstochastic, or if stochastic then independent of the disturbance terms. This avoids simultaneous equation problems.
RESULTS
The results of estimating the linear expenditure system assuming four different dynamic specifications for the b's, and assuming that Eu2 = U 2 are reported in Table I Tables I-IV Several other versions of the linear habit formation model were estimated using different variables to represent past consumption. First, each b was linearly related to a three year moving average of past consumption. Second, each b was linearly related to the largest annual consumption value in the preceding three years. Finally, two models were estimated in which b was related to the growth rate of consumption. Although all models yielded significant parameters, the estimated bit's exceeded consumption in many time periods. Parameter estimates are not presented for any of these models because of this inconsistency with the underlying utility maximization framework.
Finally, several of the models were estimated under the assumption that the variance of the u's is constant over time, although different for each good. The results obtained by estimating the models under this specification do not differ significantly fiom those reported in Table I .
It is interesting to compare the results given above with those obtained by assuming a common U2 value for all goods: E(u2) = U22 . The advantage of this procedure is that it economizes on degrees of freedom. The results of estimating the four basic models under this assumption are presented in Table II For the constant b model, marginal budget shares reported in Table III are approximately the same as those in Table I, while estimates imply that the linear lagged consumption habit model is acceptable, while this conclusion is not warranted by the maximum likelihood procedure. It has often been argued that consumer tastes changed during World War II. It is interesting, therefore, to compare the basic models using data from the prewar and postwar periods. Both 
CONCLUSIONS
Several important conclusions emerge from our study. First, for our preferred stochastic formulation only the linear time trend and proportional habit formation models are consistent with the underlying utility functions for the postwar period. On the other hand all the dynamic specifications are appropriate in the prewar period.
Second, the dynamic specification of the model is of crucial importance. Different dynamic specifications result in widely differing estimates, not only of the parameters which characterize the dynamic specification (the b*'s and the fl's), but also of the marginal budget shares. Therefore, in the absence of a criterion for choosing among the dynamic specifications, we can have little confidence in any of the estimated parameters. Further study of the merits of various dynamic specifications is clearly warranted.
Third, the estimation technique is important. The estimates obtained by minimizing the sum of squared expenditure residuals over all equations, over three equations, and by the maximum likelihood technique based on our preferred error structure differ substantially in some cases. The problem with relying on the simpler techniques is that one cannot know beforehand whether they will yield parameter estimates similar to those obtained by the more sophisticated procedure.
Fourth, the different assumptions made about the variance of the u's affect our parameter estimates only slightly. They might make a difference, however, in estimates based on a time period in which consumption grew substantially.
Finally, it seems to us that future work in empirical demand analysis should experiment with more general specifications of the functional form of the demand equations. The fact that many of our habit models did not yield theoretically plausible parameter estimates may reflect misspecification of the functional form of the demand equations, rather than misspecification of the dynamic or stochastic structure. 
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